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® The present invention provides an optical information recording medium of the type which comprises a 
substrate and a recording layer formed on the substrate, the substrate comprising an injection molded piece of a 
polycarbonate resin composition having a releasing agent content of 0.005 to 0.5 % by weight of a fatty acid 
ester having a hydroxyl value of not greater than 5 mg of KOH/g and a thermal stabilizer content of not greater 
than 5 ppm. When the polycarbonate resin or its composition is injection molded, the resin temperature Is 
defined in a certain range, by which hydrolysis of the polycarbonate resin can be prevented. Thus, the medium 
has a reduced number of defects and long-term reliability. 
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BACKGROUND OF THE INVENTION 
Field of The Invention 

5 This Invention relates to optical information recording mediums such as magneto-optic disks, various 

wnte-once optical disks, and digital audio disks or so-called compact disks. More particularly, the invention 
relates to an improved optical Information recording medium wherein an injection molded piece of a 
polycarbonate resin is used as a substrate for the medium. 

w Description of The Prior Art 

In optical information recording mediums wherein Information is recorded and reproduced by Irradiation 
of a laser beam, such as magneto-optic disks, various write-once optical disks, erasable optical disks and 
digital audio disks, typically a polycarbonate resin injection folded article or piece is used as the substrate 
Injection molded pieces of polycarbonate resins provide a number of advantages. They have a good heat 
resistance, are easily subsequently molded, suffer less deformation and undergo little change In quality 
after the molding process, and have good mechanical characteristics such as impact resistance. Further 
compared to glass substrates, the polycarbonate resin pieces are more conducive to mass-production and 
are thus less expensive. 

Frequently metal-based recording materials are used as the information recording layer of the optical 
information recording mediums; typical the recording layer is a rare earth element-transition metal amor- 
phous alloy film as used in magneto-optic disks. Accordingly, a major problem that is encountered in 
practical applications is how to increase the resistance of the metal layer to corrosion. 

In view of the above, optical information recording mediums base on substrates of injection molded 
polycarbonate resin have not always performed satisfactory with respect to the long-term reliability of the 
information recording medium. For instance, when stored at high temperatures and high humidity, the 
recording film or reflection film often corrodes. Corrosion brings about a failure in reproduction due to the 
increase in error rate, presenting a great obstacle in guaranteeing reliability. 

Where polycarbonate resins are injection molded and used as a substrate, the usual practice is to add 
30 releasing agents. Releasing agents are necessary to ensure that the product's resistance to being released 
from the mold is not great or the resultant pieces will suffer warpage or optical strain. 

Known releasing agents used for polycarbonate resins include paraffin, silicone oils, fatty acid esters, 
partial esters of fatty acids (especially, fatty acid monoglycerides) and the like Some release agents exhibit 
a food releasing effect when added in small amounts, on the other hand, some do not provide a satisfactory 
35 effect unless added in large quantities. Silicone oils which must be used in large amounts will impede the 
adhesion of the film and some may cause the film to be corroded. 

Typical agents which exhibit a good releasing effect only in small amounts include fatty acid 
monoglycerides. However, preservation tests conducted at high temperatures and humidity demonstrate 
that fatty acid monoglycerides cause a hydrolysis of the polycarbonate resins. When polycarbonate resins 
40 are hydrolyzed, the hydrolyzates are deposited as fine white spots In the final moldings, thereby causing 
the dispersion of a laser beam (local anomaly of birefrigence), the lowering in adhesion of films, and the 
deterioration in strength of the substrate. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide an optical information recording medium that utilizes an 
improved substrate ensuring long-term reliability. 

It is a further object of the invention to provide an optical information recording medium using a 
polycarbonate resin as a substrate and providing good releasing properties to the molded pieces used as 
the substrate while suppressing hydrolysis of the polycarbonate resins and providing a medium having a 
reduced number of defects and highly reliability. 

The inventors have made intensive studies over a long term in order to elucidate the factors that cause 
con-osion to occur in optica! Information recording medium using, as a substrate, injection molded pieces of 
polycarbonate resins. As a result, the Inventors have found that the corrosion in the medium occurs deeply 
in the free chlorine present in the substrate and that the chloroformate group present at the t rminal ends of 
the polycarbonate resin and halogenated hydrocarbon used as a solvent for polymerization were factors in 
th lowering of the reliability of the product. The present inv ntion is based, in part, on the above findings. 
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Further, it was also found that when a fatty acid monoglyceride was used as a releasing agent, the 
hydroxyl group at the terminal ends of the molecule of the monoglyceride facilitated the hydrolysis of the 
polycarbonate resin. Accordingly, the optical information recording medium of the Invention. In an embodi- 
ment, utilizes as a releasing agent a fatty acid ester that is free of any t.rminal end hydroxyl groups. At the 
same time, a relatively low molding temperature is used so that the formation of hydroxyl groups due to the 
decomposition of the fatty acid esters is suppressed. 

More particularly, according to the invention, there is provided an optical information recording medium 
that comprises a substrate and an information recording layer formed on the substrate that is capable of 
recording or reproducing information by optical irradiation. The substrate is made of a molded piece 
obtained by subjecting a polycarbonate resin composition, which comprises a polycarbonate resin and 
0.005 to 0.5 parts by weight of a fatty acid ester releasing agent having a hydroxyl value of not greater than 
5 mg of KOH/g based on 100 parts by weight of the resin and which is free of any thermal stabilizer, to 
injection molding at a temperature of from approximately 280 * C to about 326 ' C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 graphically represents the amount of free chlorine in the substrate derived from chloroformate 
groups at terminal ends of a polycarbonate resin versus preservation time; 

Fig. 2 graphically represents the amount of free chlorine derived from a halogenated hydrocarbon 
present in the substrate versus preservation time; 

Fig. 3 graphically represents the error rate caused by free chlorine in the substrate versus preservation 
time; 

Rg. 4 graphically represents the error rate of magneto-optic disks fabricated in the examples versus 
preservation time; 

Fig. 5 schematically Illustrates an example of an injection molding machine; 

Figs. 6 to 8 are. respectively, are schematic sectional views illustrating the injection molding steps in the 
successive order wherein Fig. 6 illustrates a step of closing the mold, Rg. 7 illustrates the step of filling 
the mold with a resin melt, and Fig. 8 illustrates a step of clamping the mold; 

Fig. 9 graphically represents the number of white spots In the substrate versus preservation time for 
releasing agents having different hydroxyl values; 

Fig. 10 graphically represents the number of defects in the recording layer versus preservation time for 
comparison of layers with and without a thermal stabilizer contained therein; 

Rg. 1 1 graphically represents the number of contaminations versus resin temperature for the case where 
a polycarbonate resin not containing any thermal stability is injection molded and for a case where a 
polycarbonate containing a thermal stabilizer is injection molded; and 

Fig. 12 graphically represents the number of defects in the substrate versus preservation time for the 
case where behenyl behenate is used as a releasing agent and for a case where stearic acid 
monoglyceride is used as the agent. 

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS OF THE INVENTION 

The polycarbonate resins used as a substrate material in the optical Information recording medium of 
the invention are those that are prepared by an interfaclai polymerization process wherein aromatic 
bisphenols such as, for example, bisphenol A and phosgene, are reacted in the presence of an acid binding 
agent such as, for example, an alkali, e.g. sodium hydroxide, in a solvent including a halogenated 
hydrocarbon such as methylene chloride, chloroform, carbon tetrachloride, dichloroethane. trichloromethane, 
or the like. 

Examples of the polycarbonate resins include, aside from ordinary polycarbonate resins, branched 
polycarbonate resins using trifunctional or polyfu notional organic compounds having a phenolic hydroxyl 
group as a branching agent, long chain alkyl-terminated polycarbonate resins using as an end terminating 
agent a monofunctlonal organic compound such as a long chain alkyi chloride or long chain alkyl- 
substituted phenol, long chain terminated, alkyl-branched polycartjonate resins using the above-mentioned 
branching agents and end terminators^ graft polymers obtained by graft-polymerizing styrene to modified 
polycarbonate resins obtained by using bisphenols having an unsaturated doubl bond and vinyl phenol, 
graft polymers of polycarbonate resins with modified styrene having a phenolic hydroxyl group, and 
mixtures thereof. The polycarbonate resins used have a viscosity-average molecular weight of 13,000 to 
30,000. 
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These polycarbonate resins are charged into an injection molding machine in the form of pell ts and 
melted by m ans of a heater. This is followed by extrusion into a mold to form a substrate piec . Pursuant 
to the present invention the free chloride in the substrate molded piece obtained by the injection molding 
should be not greater than 0.2 ppm. When the fr e chlorine exce ds 0.2 ppm of the content, th error rate 
5 increases significantly due to the occurrence of corrosion. 

In order to ensure that the content of free chlorine present in the substrate is not greater than 0.2 pp, 
the polycarbonate resin should be purified to a satisfactory extent. For instance, the polymer solution 
obtained by the interfacial polymerization process is repeatedly washed with water to remove impurities 
including electrolytic substances such as salts, alkalis and the like, thereby completely eliminating the 
10 impurities therefrom. 

Further, the polycarbonate resin solution purified by washing should be separated from the washings by 
a combination of centrifugal separation and filtration. Through this process the content of free chlorine left in 
the substrate can be substantially reduced. For instance, in an embodiment, after separation of the alkaline 
aqueous solution from the resin solution obtained after the polymerization reaction, at least three steps of 
75 washing are performed for neutralization and purification: washing with water; washing with a phosphoric 
acid aqueous solution; and washing with water. 

The separation of phases after the washing step, in the respective steps, should be effected at a 
centrifugal force of not less than 500 G. A final washing step with water Is continued until the centrifugally 
separated water has a conductivity of not greater than 10 ii s/cm, preferably not greater than 9 u s/cm. At 
20 the same time, the water content in the resin solution is set at a level of not greater than 0.5%. 

The resin solution is passed through a 0.5 to 10 u m mesh filter. Part of the water in the resin solution 
condenses on the filter, permitting droplets with a diameter of not smaller than 1 mm to be separated from 
the resin solution until the water content in the resin Is not greater than 0.2%. preferably not greater than 
0.15%. 

25 On the other hand, the polycarbonate resins contain a substantial amount of chloroformate groups and 
have an appreciable amount of a halogenated hydrocarbon that is used as the solvent for polymerization. 
For instance, polycarbonate resins prepared by the interfacial polymerization process contain present as 
chloroformate groups, from approximately from 3 to 10 ppm of chlorine and several hundreds ppm of 
halogenated hydrocarbon. 

30 Pursuant to the present invention, the amount of free chlorine remaining in the substrate should not be 
greater than 0.2 ppm according to the procedure set forth above. The content of chlorine present as a 
chloroformate group at the terminal ends of the molecule of the polycarbonate resin should not be greater 
than 2.0 ppm. Moreover, preferably the content of the halogenated hydrocarbon present In the substrate 
should preferably not be greater than 10 ppm. 

35 Because the chloroformate group and the halogenated hydrocarbon decompose to produce free 
chlorine as the substrate ages, they cause the error rate to increase due to the occurrence of corrosion. 
More particularly, when the content of the chloride existing as chloroformate groups at the terminal ends of 
the molecule chain of the polycarbonate resin exceeds 2.0 ppm. or the content of the halogenated 
hydrocarbon present in the substrate exceeds 10 ppm, the free chlorine increases. This results In an abrupt 

40 increase of an error rate. 

Accordingly, it is necessary to reduce the chloroformate group of the polycarbonate resin or the 
halogenated hydrocarbon in the substrate. To reduce the amount of chloroformate groups in the polycar- 
bonate resin, it is sufficient to increase the degree of polymerization of the polycarbonate resin or remove 
low molecular weight corifiponents from the resin. 

45 In order to remove the low molecular weight components, the resin solution obtained after th 
polymerization is agitated while forming an emulsion with a 1 to 10 wt% sodium hydroxide solution, by 
which chloroformate and other reaction Intermediates and terminal groups, provided as side products, are 
decomposed. Simultaneously, a part of the unreacted bisphenol and low molecular weight products are 
extracted. Thereafter, the resin solution is repeatedly washed with water and then with an aqueous solution 

50 of a mineral acid such as phosphoric acid to purify the solution. The thereby purified solution is subjected 
to a fine filtration to remove "dust" therefrom. The removed resin solution is placed in a non-solvent, or 
poor solvent, for polycarbonate (or the non-solvent or poor solvent is placed In the resin solution) to 
precipitate the resin. Through this method, low molecular weight products are efficiently separated. 

Alternatively, the reaction solution obtained in the polymerization step can be treated with an aqueous 

65 ammonia solution or an aqueous solution of ammonia and an alkali, to r duce the chloroformate groups at 
the terminal ends. When ammonia reacts with the terminal chloroformate groups of the polycarbonate resin, 
the reaction readily proceeds to form an aminoformate group. The aminoformate group is hydrolyzed at a 
pH of not less than 11 Into an OH group. The reaction proceeds according to the following formula (1): 
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R-OCOCI + NH3 + H2O-R-OH + CO2 + NH^CI (1) 

Moreover, in order to limit the amount of halogenated hydrocarbon left in the substrate, a non-solvent, 

5 or poor solvent, for the polycarbonate resin is added to the polycarbonate resin solution in an amount that 
will not cause precipitation. The resuftartt uniform solution is maintained at a temperature of 45 to 100* C 
and dropped Into or sprayed in water under agitation for gelation. The solvent is distilled off to provide a 
porous particulate product, followed by separation of water, drying, and drying through extrusion. Examples 
of a non-solvent, or poor solvent, for the polycarbonate resin include n-heptane, cyclohexane, benzene, 

10 toluene, and the like; n-heptane is preferred. 

Because the content of free chlorine present In the substrate is defined as well as the content of 
chlorine existing as chloroformate groups at the terminal ends of the molecule chain of the polycarbonate 
and the upper limit for the amount of the halogenated hydrocarbon present in the substrate, the effect of the 
free chlorine can be suppressed after preservation over a long temn. This can, in turn, suppresses an error 

75 rate due to corrosion. 

Releasing agents are added to the polycarbonate resins to Increase their releasibility from the mold. 
The releasing agents used in the present invention preferably consist of primarily fatty acid esters having no 
alcoholic hydroxyl group. By fatty acid esters having no alcoholic hydroxyl group what is meant are the 
esters obtained by reaction between alcoholic hydroxyl groups and fatty acids in equimolar amounts 

20 (nominal amounts) or a reaction wherein an excess amount of fatty acids are used, i.e., esters having only a 
very small amount of unreacted or remaining alcohol. Alternatively, naturally occurring ester waxes such as 
plants, animals, insects, and minerals can be used. Pursuant to the present invention, the releasing agent 
preferably has a hydroxyl value of not greater than 5 mg of KOH/g. When the hydroxyl value exceeds 5 mg 
of KOH/g, the hydrolysis of the polycarbonate is facilitated, increasing defects in the substrate. 

25 Specific examples of the esters that can be used as releasing agents Include synthetic esters such as 
butyl stearate. stearyl stearate. behenyl behenate, methyl laureate. Isopropyl palmitate, 2-ethy!hexyl 
stearate. pentaerythrttol tetrabehenate and the like, and beeswax mainly composed of long chain fatty acid 
esters having a high purity of the esters. 

Preferably, the content of releasing agent used preferably is in the range of from 0.005 to 0.5 parts by 

30 weight per 1 00 parts by weight of the polycarbonate resin. If the amount is less than the above range, it is 
difficult to maintain good releasing characteristics, resulting in the possibility that the resultant substrate will 
warp or suffer optical strain. On the other hand, if the releasing agent is used in greater amounts, this can 
result in disadvantages such as poor adhesion to the information recording layer. 

Preferably, the polycarbonate resin used for the Injection molding should not contain phosphorus 

35 compound such as a phosphite as a thermal stabilizer. In this regard, it should be noted that the term 
"polycarbonate not containing a thermal stabilizer" means that such a thermal stabilizer is not Intentionally 
incorporated in the compound for the purpose of preventing thermal decomposition of the polycarbonate 
resin. Accordingly, for example, a trace amount of phosphorus compound can be contained, or smalt 
amounts (e.g. about 5 ppm) of thermal stabilizers can be contained for some other reasons within the 

40 polycarbonate resin not containing a thermal stabilizer of the present invention, and therefore such 
compounds should fall within the scope of that term. 

The polycarbonate resin is charged into an injection molding machine in the form of pellets. The pellets 
are melted by means of a heater and extruded into a mold to form a substrate piece. The resin temperature 
should preferably be kept as low as possible, provided that uniform kneading is possible, and should 

45 preferably be not greater than 326 • C. If the resrn temperature is too high, decomposition of the terminal 
chloroformate groups of the polycarbonate resin and the halogenated hydrocarbon remaining in the resin is 
facilitated, with the possibility that the amount of free chlorine present in the substrate will increase. In 
addition, at higher temperatures the fatty-acid ester contained as the releasing agent decomposes not only 
facilitating hydrolysis of the polycarbonate resin, but also thermally decomposing the resin thereby 

50 increasing contaminations therein. If, however, the resin temperature is too low. there is the possibility that 
optical characteristics such as birefrigence of the substrate will suffer. Accordingly, the lower limit is 
generally set at approximately 280 • C. 

When the r l asing agent consists primarily of fatty acid esters (full esters) free of any alcoholic 
hydroxyl group and having a hydroxyl value of not greater than 5 mg of KOH/g and the resin temperature 

55 during the injection molding is not greater than 326 • C. the hydrolysis of the polycarbonate resin can be 
limited. 

A resin temperature of not greater than 326 • C during th injection molding prevents contamination due 
to the thermal decomposition of the resin and the need for thermal stabilizers, with an attendant advantage 
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from the standpoint of reduced corrosion of the recording layer. 

By way of exannpfe and not limitation, exampi s of the present inv ntlon will now be given. 

Example 1 

5 

How the content of free chlorine in a substrate is modified depending on the content of chloride pres nt 
as chforoformate groups at terminal ends of the molecule chain of polycarbonate resins was determined. 

First, polycarbonate resins having chlorine contents of 1.9 ppm. 4.8 ppm, and 9.8 ppm present as the 
terminal chloroformate group (provided that the amount of a remaining halogenated hydrocarbon was 
10 constant) were subjected to Injection molding to form substrate pieces. The respective pieces were allowed 
to stand in an environment having a temperature of 85* C and a relative humidity of 90% to measure the 
variation In the content of free chlorine versus time. The results are illustrated in Fig. 1. 

The chlorine present as the terminal chloroformate of the polycarbonate resin was measured according 
to the following procedure. 

75 5 g of a sample was accurately weighed and dissolved in 150 ml of methylene chloride, to which 0.2 ml 
of pyridine and 5 ml of ethanol were added, followed by decomposition of the terminal chloroformate group 
at 40''C under agitation. The free chlorine ions produced as a result of the decomposition were extracted 
with 55 ml of pure water, followed by quantitative determination of the chlorine ions by ion chromatography 
using a 1.0 mM sodium hydrogencarbonate aqueous solution as an eluate. By subtracting the concentration 

20 of chlorine Ions determined at the time when extracted from the methylene chloride solution without th 
procedure of decomposition of the terminal chloroformate group, the concentration of chlorine from the 
terminal chloroformate was obtained. 

The free chlorine in the substrate was determined as follows. 5 g of a sample was cut off from the 
substrate and accurately weighed. The sample was dissolved in 100 ml of 1,4-dioxane. 20 ml of the solution 

26 was placed in 80 ml of pure water, after which the resultant polymer was removed by filtration, and the 
filtrate was analyzed by ion chromatography. The ion chromatograph used was Model 20001. made by 
Dionex Co., Ltd., and the eluate used was a 1 mM sodium hydrogencarbonate aqueous solution. 

Refen-ing to Fig. 1 , it will be seen that the amount of free chlorine in the substrate increases with an 
increasing content of chlorine present as the terminal chloroformate group of the pxjlycarbonate resin. 

30 However, when the amount of chlorine present as the terminal chloroformate group Is limited to a level of 
not greater than 2.0 ppm. the content of free chlorine in the substrate after preservation over 1500 hours 
can be limited to 0.2 ppm or below. 

Example 2 

35 

How the amount of free chlorine in a substrate changes in relation to the amount of a halogenated 
hydrocarbon present polycarbonate resins was determined. 

First, under the same conditions as for the case of the terminal chloroformate group, the differences 
were checked with respect to substrates having amounts of the remaining halogenated hydrocarbon 
40 (methylene chloride was used in this example) of 9.9 ppm, 14 ppm, and 28 ppm (wherein the amount of 
chlorine present as the terminal chloroformate group was held constant). The results are illustrated in Fig. 2. 

It ^ill be noted that the amount of the halogenated hydrocarbon present in the substrate was 
determined by dissolving each sample in 1 ,4*dioxane and subjecting the sample to quantitative determina- 
tion by gas chromatography (detector was ECD). 
45 As a result. It was detemnined that as the content of the halogenated hydrocarbon present in the 
substrate increased, the increase in the amount of free chlorine in the substrate in relation to time became 
significant. In order to limit the content of the free chlorine to a level of not greater than 0.2 ppm, it was 
necessary that the content of remaining halogenated hydrocarbon be not greater than 10 ppm. 

60 Example 3 

In this example, the variation in enror rate relative to the preservation time with respect to the content of 
free chlorine in the substrate was determined. Substrates having contents of free chlorine of 0.2 ppm, 0.8 
ppm, and 2.0 ppm wer allowed to place in an environment of having a temperature of 80*0 and a relative 
55 humidity of 85%. The results are illustrated in Fig. 3. 

When the content of free chlorine was 0.2 ppm, the error rate barely increased. In contrast, when the 
content of free chlorine was 0.8 ppm or 2.0 ppm. the error rate significantly increased with time. 
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Example 4 

300 kg of bisphenol A. 1.400 liters of a 10% sodium hydroxide solution, 650 liters of methylene chloride 
and 0.5 kg of hydrosuffite were charged into a reaction vessel having a capacity of 5 and agitated. To 
5 the reaction mixture was further charged 12.3 kg of p-tert-butylphenol, followed by blowing In 147 kg of 
phosgene in approximately 45 minutes. 

After completion of the blowing of phosgene. 0.2 kg of triethylamine was added, this was followed by a 
polymerization for 60 minutes under violent agitation while maintaining a temperature of 30 *C. 

After the agitation was stopped. 0.2 kg of ammonia and 80 liters of a 10% sodium hydroxide solution 
10 were added. This was followed by further reaction under violent agitation for 60 minutes. 

After completion of the polymerization, the reaction solution was passed into a continuous centrifugal 
separator and an aqueous phase was separated at a centrifugal force of 5,000 Q. The resin solution was 
then passed into an agitation vessel, to which 300 liters of pure water was added and agitated. After 
completion of the agitation, the resultant aqueous phase was centrifugally separated in the same manner as 
75 described above. The resultant resin solution was fed into a phosphoric acid neutralization vessel, to which 
300 liters of a 1% phosphoric acid aqueous solution was added and agitated. After completion of the 
agitation, the phosphoric acid aqueous phase was centrifugally separated in the same manner as described 
above. 

Subsequently, the separated resin solution was fed into a final-stage washing vessel. 300 liters of pure 
20 water was added to the vessel, followed by agitation and centrifugal separation. 

The resultant resin solution was subjected to filtration through a membrane filter of polyper- 
fluoroethylene having a pore size of 1 .2 u m. 

200 liters of n-heptane per 1 ,000 liters of the resin solution were mixed and placed into water under 
violent agitation at a temperature of 55 * C and ambient pressure. After the solution was added to the water, 
25 the temperature was raised to at least 95 'C and the solvent was distilled off. An aqueous slurry of the 
polycarbonate resin was filtered to collect a resin powder. The powder was pulverized so as to provide an 
average particle size of 1 to 1.5 mm and was dried at 140' C for 3 hours. 

The content of chlorine present as the terminal chloroformate group in the dried powder was 1.6 ppm. 
The resultant polycarbonate powder was mixed with an additive, followed by extrusion at 270 • C using a 
30 vented extruder to obtain pellets. The pellets were injection molded to obtain a 1.2 mm thick optical disk 
substrate. 

The above procedure was repeated using different procedures thereby obtaining the substrates set forth 
Table 1 below. 

Table 1 



Pellets Substrate 

40 

chlorine present halogenated free chlorine 

chloroformate hydrocarbon 

group 



Substrate 


A 


1.6 


ppm 


6 


ppm 


0,1 


ppm 


Substrate 


B 


2.9 


ppm 


15 


ppm 


0.5 


ppm 


Substrate 


C 


0.5 


ppm 


47 


ppm 


0.3 


ppm 


50 Substrate 


D - 


2.0 


ppm 


33 


ppm 


0.4 


ppm 



Substrates A to D were each formed with a 500 angstrom thick dielectric film, a 800 angstrom thick 
TbFeCo film (serving as a recording layer), and a 5 u m thick UV-cured resin layer, in this order, thereby 
55 obtaining a magneto-optic disk. 

The thus obtained magneto-optic disks were evaluated with respect to error rate. The evaluation was 
made as follows. Each disk was preserved under the following conditions: a temperature of 70 ' C and a 
relative humidity of 85%. The Increase of the error rate with respect to the time was expressed as a ratio to 
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an initial error rate. The r suits are Illustrated in Fig. 4. 

In Figure 4, curve A represents a magneto-optic disk using the substrate A, curve B represents 
substrate B, curve C represents substrate C, and curve D represents substrate D. 

Fig. 4 demonstrates that substrate A, according to the present invention, exhibits little increase in th 
5 error rate aft .r preservation of over 2000 hours with a good corrosion resistance. 

In contrast, the increase of the error rate was significant for substrate B wherein the content of chlorine 
as the terminal chloroformate group was great and for the substrates C and D wherein the contents of the 
remaining halogenated hydrocarbon were great. 

10 Example 5 

Injection Molding 

The Injection molding machine used in this example will be initially described. The injection molding 

75 machine is comprised, as illustrated in Fig. 5, of a resin injection unit 1 for supplying a polycarbonate resin 
melt into a mold, a mold unit 2 having a cavity corresponding to the shape of an optical disk substrate, and 
a mechanism 3 for closing the mold that applies a pressure to the mold unit 2. 

The resin injection unit 1 Includes a hopper 11 into which resin pellets are charged, a heating cylinder 
12 having a heater therearound and a screw in the inside thereof, and a no22le 13. The resin pellets are fed 

20 from the hopper 11 and successively melted. The resin melt Is extended from the tip of the nozzle 13. 

The mold unit 2 includes as illustrated in Fig. 6, a movable portion 21 and a side cavity portion 22. The 
movable portion 21 includes a stamper 23 which is fixed with an inner margin holder 24 for the stamper and 
an outer margin holder 35 for the stamper. The side cavity portion 22 is fixed by a fixing plate 26 and is 
provided at the center thereof with a resin injection port 27. The resin injection port 27 Is connected to the 

25 nozzle 13 of the resin injection unit 1 and includes an opening 27a at the tip thereof. 

At the periphery of the side cavity portion 22 is provided a mold holder 28 that is fixed to a fixing plate 
26. The movable portion 21 contacts at an outer margin thereof a top face 28a of the mold holder 28 to 
close the mold wherein a cavity 29 having a desired shape is created between the mold parts 21 and 22. 
The mold unit 2 Is provided with a mechanism for closing the mold 3 that Is capable of moving the 

30 movable part 21 in longitudinal directions. The mechanism 3 for closing the mold used in this example is a 
so-called booster ram-type closing mechanism. The booster ram-type closing mechanism is one wherein a 
booster ram having a smaller diameter than a main ram is Inserted coaxially with the central axis of th 
main ram so that the main ram can be moved at a high speed. The booster ram-type mechanism has been 
widely used in mid-sized injection molding machines. 

35 The mechanism 3 for closing the mold is coupled to a servo valve mechanism 31 and is controlled 
using a controller 32 that controls the closing pressure. The pressure controller 32 is connected to the 
mechanism 3 through a pressure sensor 33. By operating the mechanism 3 for closing the mold, the 
pressure applied to the movable portion 21 Is detected using a pressure sensor 33 and the closing pressure 
controller 32 is controlled by the detected signal thereby controlling the servo valve mechanism 31 . 

40 The mold-closing pressure controller 32 is also coupled to a programmable unit 34 in which the 
application of pressure and timing for the movable portion 21 can be programmed. An output signal from 
the programmable unit 34 is applied to the mold-closing controller 32 to operate the servo valve mechanism 
31 thereby controlling the oil pressure and operation time of the mechanism 3 for closing the mold. By this 
control, the closing pressure of the movable part 21 is controlled during the course of the injection of the 

45 resin melt Into the cavity 29 between the movable part 21 and the cavity side part 22 or after completion of 
the injection step. Variations of the mold-closing pressure should preferably be controlled digitally and the 
response speed should preferably be high (e.g. the de-compression of from 140 kg/cm^ to 0 kg/cm2 should 
preferably be completed within 0.5 seconds). 

The mechanism 3 for closing the mold is not limited to the afore-stated booster ram-type closing 

50 mechanism, but. a toggle-type mechanism can also, if desired, be utilized. WiXh a toggle-type mold-closing 
mechanism, a mold-closing cylinder force is enlarged by a link mechanism called a toggle, a great mold- 
closing force can be obtained with the mechanism. This type of mechanism ensures a great mold-closing 
pressure, utilizing a small-size cylinder and a high speed mold-closing operation. The molding procedure 
for molding an optical disk substrate from polycarbonate resins by the use of the injection molding machine 

55 of the type stated above is described. 

In this example, for the fabrication of an optical disk substrate, the outer mairgin 21a of the movable part 
21 is contacted with the top face 28a of the mold holder 28, that is provided at an outer periphery of the 
cavity side part 22, to close the mold as Illustrated In Fig. 6. In this position, the polycarbonate resin melted 
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in the resin injection unit 1 is injected into the cavity 29 from the resin injection port 27 through the nozzle 
13. 

The mold temperature is not critical and should preferably not be greater than the thermal deformation 
temperature of an optical disk substrate in view of skew characteristics. Preferably, the mold temperature is 
5 generally In the range of from 50 to 120 • C. 

As the injection procedure continues, the resin melt fills the cavity 29. In this example, the filling 
pressure is set so that it is slightly greater than the mold-closing pressure which is applied to the movable 
part 21. 

Accordingly, when the resin melt 4 is injected into the cavity 29 of the mold unit 2 in the closed 
10 position, the movable part 21 is retracted toward the arrow a, as illustrated in Fig. 7. by A X by the action of 
the filling pressure, so that the distance between the parts 21 and 22 is forced to increase from Ti of Rg. 6 
to T2 of Fig. 7. 

In this manner, when the filling pressure is set slightly greater than the mold-closing pressure applied to 
the movable part 21 and the distance or gap between both parts 21 and 22 can be varied, the pressure 
15 within the cavity 29 is made uniform by variation of the gap. This ensures that the resin melt 4 is fully 
packed throughout the cavity 29, thus leading to the creation of an optical disk substrate that has a high 
dimensional accuracy. 

Because the movable part and the side cavity portion are opened by the filling pressure, the pressure 
within the cavity 29 cannot be extremely high, with advantages that an unnecessary strain is exerted on the 

20 resin melt 4, which is favorable in improving the birefrigence. In this regard, however, if the pressure for 
closing the mold, applied to the movable part, is too small, transferability may be insufficient. Taking the 
above into consideration, the mold-closing pressure should preferably be set appropriately. 

\Nt)en the mold parts 21 and 22 are caused to open by the application of the filling pressure, the resin 
melt 4 enters into the small gap between the parts 21 and 22. This creates the possibility of causing a so- 

25 called burr to occur. In the illustrated apparatus, the inner peripheral face 25a of a ring-shaped outer 
peripheral stamper holder 25, provided at the movable part 21. corresponding to the outer margin of the 
disk substrate and an outer peripheral face 22a of a stepped portion, corresponding to the diameter of the 
disk substrate of the cavity side part 22. are provided so that they cross in the direction substantially 
intersecting with the substrate surface. Utilizing this construction the likelihood of the occurrence of a burr is 

30 reduced. 

When the filling of the cavity with the resin melt 4 is completed, a uniform pressure is applied to over 
the entire surface of the resin 4. This pressure is due to the mold-Closing pressure of the movable part that 
is maintained. When cooled, the parts 21 and 22 are closed by shrinkage of the resin as Illustrated in Fig. 8. 
As a result, the resin melt 4 within the cavity 29 Is formed into a disk substrate having a given thickness 
35 Ta and pits or pre-grooves preliminarily formed in the stamper 23 are transferred. At this stage, the resin 4 
is not fully solidified wherein the outer peripheral portion becomes solidified as a skin layer but the inside 
remains fluidized as a core layer. 

At this time, or before the resin is not completely solidified, the mold-closing pressure applied to the 
movable part 21 is abruptly released, or decompressed to zero or a very low pressure. To achieve the 
4o abrupt release of the mold-closing pressure, when, for example, the booster ram-type closing mechanism is 
utilized, jthe servo valve mechanism 31 is operated through the mold-closing controller 32 so that the oil in 
the cylinder chambers of the main ram and the booster ram Is abmptly discharged. Similarly, utilizing the 
toggle-type mold-closing mechanism, the pressure within mold-closing cylinder is released, thereby 
releasing the mold-closing pressure in the link mechanism. Alternatives utilizing a general-purpose injection 
45 molding machine, a pressure valve can be released to abruptly release the applied pressure. The abrupt 
release of the mold-closing pressure is very effective in controlling the birefrigence. 

In this manner, the closing pressure of the movable part 21 is released at a given time to control an 
Initial value of birefrigence, after which the resin is completely solidified while maintaining its state. At this 
stage, the mold parts 21 and 22 are maintained in a state so that they contact the resin 4 and the closing 
50 pressure alone is released. 

Finally, the mold parts 21 and 22 are opened allowing the removal of the molded optical disk substrate. 
The resultant optical disk substrate cannot be used as is. As time passes, the birefrigence gradually 
approaches zero, whereupon when the substrate is annealed and the birefrigence is stabilized near zero. 
The annealing temperature is in th range of approximately 70 to 120 "C. 
65 Th abov procedure is performed while separating a transfer zone and it birefrigence control zone 
during the molding process. Accordingly, these operations can be Independently controlled, making it 
possible to form an optical disk substrat which satisfies the requir ments including the bir frigenc and the 
transfer characteristics, which are contrary to each other. 
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Utilizing the Injection molding procedure set forth previously, polycarbonate resins to which 0.04 wt% of 
releasing ag nts (behenyl behenate) having differ nt hydroxy! values of 4.8 mg of KOH/g, 12.3 mg of 
KOH/g and 25.2 mg/KOH/g were each injection molded to obtain substrate E (hydroxyl value of 4 8 mg of 
KOH/g). substrate F (12.3 mg of KOH/g) and substrate G (2.5 mg of KOH/g). Each of the substrates had a 
5 diameter of 120 mm. 

The hydroxyl value of the releasing agent was determined according to the pyridlne-acetic anhydride 
method. 

These substrates were placed in an environment having a temperature of 85 and a relative humidity 
of 90% to determine the number of white spots caused by hydrolysis of the polycarbonate with respect to 
10 the time. The results are Illustrated in Fig. 9. In the figure, curve E represents substrate E. curve F 
represents substrate F, and curve G represents substrate G. 

From Figure 9. it can be seen that the hydroxyl value of the releasing agent greatly influences th 
number of white spots. With a substrate E having a low hydroxyl value, little Increase in the number of white 
spots are observed versus time. A higher hydroxyl value results In a significant increase in the number of 
75 white spots as time passes. 

Example 6 

In this example, the influences of a thermal stabilizer and the resin temperature at the time of the 
20 injection molding were determined. 

A polycarbonate resin free of thermal stabilizers and polycarbonate resins containing 15 ppm and 55 
ppm of a thermal stabilizer (trisnonylphenyl phosphite) were each Injection molded into a substrate. On th 
substrate were successively formed: a 500 angstrom thick transparent dielectric layer {ShN^ film); a 600 
angstrom thick recording layer (TbFeCo layer); and a 5 u m thick UV-cured resin layer to obtain a magneto- 
ns optic disk. 

These magneto-optic disks were preserved at a temperature of 80 and a relative humidity of 85% to 
determine defects produced in the recording layer. As illustrated in Fig. 10. when the thermal stabilizer is 
present, defects considerably increase. 

In Fig. 10. curve H represents the situation where no thermal stabilizer is present, curve I represents th 
30 situation wherein 15 ppm of thermal stabilizer is present, and curve J represents the situation wherein 55 
ppm of the thermal stabilizer Is present. 

The contamination depending on the resin temperature was then determined. The results are illustrat d 
In Fig. 11. In Figure 11, curve K represents the situation wherein no thermal stabilizer is present and curve 
L represents the situation wherein 15 ppm of the thermal stabilizer is present. The number of contamina- 
35 tlons were determined by counting foreign matters or denatured matters that hold a diameter of from 0.5 to 
1 u m. The number of contaminations per g of the substrate is illustrated. 

When a thermal stabilizer is present, only a slight increase of contaminations is found at temperatures 
of not greater than 345 • C. However, when the thermal stabilizer is not present, the number of contamina- 
tions increases when the temperature exceeds 326 • C. Accordingly, when polycarbonate resins free of any 
40 stabilizer are molded, it is necessary to limit the resin temperature to 326 • C or below. 



Example 7 

Substrate M which was molded using a releasing agent mainly consisting of behenyl behenate 
45 (hydroxyl value 4.0 mg of KOH/g) and substrate N which was molded using a releasing agent mainly 
consisting of stearic acid monoglycerlde (hydroxyl value 310 mg of KOH/g) were preserved at a tempera- 
ture of 86'C and a relative humidity of 85% to determine defects produced in the respective substrates. At 
the same time, the resin temperature was varied during the molding step to determine the Influence of the 
temperature on defects. All of the substrates used had no thermal stabilizer. 
50 The results are illustrated in Fig. 12. In Figure 12, curve Mi represents substrate M (resin temperatur 
338'C). curve M2 represents substrate M (resin temperature 325 -C). curve Ni represents substrate N 
(resin temperature 338 'C). and curve N2 represents substrate N (resin temperature 325 *€) 

At both temperatures, the substrates using behenyl behenate as the releasing agent proved to be more 
advantageous. Especially, when behenyl behenate was used as the releasing agent and the resin 
55 temperature was 325 • 0. the increase In the number of defects in the substrate was very slight. 

Although the present invention is described based on the experimental results, the invention is 
applicable of all the types of optical information recording mediums including magnet-optic disks, various 
write-once optical disks and the like. The structure of the medium is not critical. 
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It should be understood that various changes and modifications to the pr sently preferred embodiments 
described herein will be apparent to those skilled in the art. Such changes' and modifications can be made 
without departing from the spirit and scope of the present invention and without diminishing its attendant 
advantages. It is ther.fore intended that such changes and modifications be covered by the appended 
5 claims. 

Claims 

1. An optical information recording medium of the type which comprises a substrate and a recording layer 
10 formed on the substrate, the substrate comprising an Injection molded piece of a polycarbonate resin 
composition having a releasing agent content of 0.005 to 0.5 % by weight of a fatty acid ester having a 
hydroxyl value of not greater than 5 mg of KOH/g and a thermal stabilizer content of not greater than 5 
ppm. 

75 2. The optical information recording medium according to claim 1 wherein the injection molded piece of 
the polycarbonate resin composition has been injection molded at a temperature of from 280 *C to 
326 • C. 

3b The optical information recording medium of claim 1 wherein the thermal stabilizer is a phosphorous 
20 compound. 
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FIG. 5 
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FIG. 7 
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